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Grassland birds must have accessible, nutritional prey for nestlings which 
Conservation Reserve Program practices like CP33—Habitat Buffers for Upland Birds
may provide.  In 2008—2009, I monitored dickcissel nests in and around CP33 buffers at
a farm in north-central Mississippi using video cameras to capture provisioning activities.
I simultaneously observed foraging flights and measured distances traveled from nests.  
Orthopterans were the most commonly chosen prey, and dickcissels brought larger prey 
items when chicks were older.  But, other changes in provisioning were not significantly 
related to nest age as I hypothesized.  Also contrary to my initial hypotheses, 
provisioning at nests within buffers did not differ from non-buffer nests.  CRP grasslands 
were equivalent to other available habitats.  Provisioning rate and biomass decreased 
when an observer was present, and male feeding increased provisioning rate.  
Incorporating native warm-season grasses through conservation programs can increase 
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CHAPTER I
NESTLING PROVISIONING BY DICKCISSELS IN NATIVE WARM
SEASON GRASS FIELD BUFFERS
Introduction
Prairie loss and grassland birds
Prairie ecosystems historically comprised ~162 million ha in North America
(Samson and Knopf 1994).  Fertile prairie soils, rich with organic matter sustained native 
grasslands until they were replaced with monocultures of agricultural crops following 
European settlement (Risser 1988).  Urban land uses and reforestation have also replaced
native prairie grasslands (Brennan and Kulvesky 2005). Consequently, the loss of
grasslands in North America has exceeded 80% and remaining native prairie vegetation is
rare and usually fragmented (Herkert 1994, Knopf 1994).
Negative effects of prairie loss and fragmentation on grassland birds, especially in
the Midwest and Great Plains, have been well documented (e.g., Knopf 1994, Murphy 
2003, Brennan and Kuvlesky 2005).  Breeding Bird Survey (BBS) data indicate grassland 
birds have experienced the largest declines in the United States (1966 – 1996) compared
to other bird guilds (Knopf 1994, Peterjohn and Sauer 1999, Sauer et al. 2007).  
Grassland bird communities are now comprised of declining endemic grassland birds and 
increasing alien and exotic birds (Knopf 1994).  These declines in grassland bird 
populations are likely due to decreased breeding and wintering habitat and increased




   
   
 
  
   
    
    
 
 
   
    
  
  
   
     
  




   
 
   
agricultural modifications have simultaneously occurred with declines in many migratory 
birds (Rodenhouse et al. 1993, Murphy 2003).
Conservation Reserve Program
Restoration may be the primary solution to conserving grasslands (Herkert et al. 
1996) and the U. S. Department of Agriculture’s Conservation Reserve Program (CRP)
can be an effective tool for grassland restoration.  Initiated as part of the 1985 Farm Bill
legislation, the CRP allows producers to convert highly erodible farmland from crop 
production to perennial vegetation.  In return, producers receive cost-share and annual
rental payments to offset lost opportunity costs.  
Grassland birds have benefited from CRP practices (e.g., Herkert 1998, Ryan et
al. 1998), and some population declines may have been partially ameliorated (Peterjohn
and Sauer 1999).  Most research about effects of CRP practices on grassland birds has
been conducted in the Great Plains and the Midwest (e.g., Johnson and Schwartz 1993,
Best et al. 1997) but benefits have also been documented in the southeastern United 
States (e.g., Smith et al. 2005a, b, Evans and Burger 2006).
In 2004, CP33—Habitat Buffers for Upland Birds was established within the 
continuous CRP.  CP33 buffers are 10 – 40 m strips of native grasses planted around 
agricultural field margins to provide habitat for northern bobwhite (Colinus virginianus) 
continentally declining songbirds such as dickcissels (Spiza americana).  Indigo buntings
(Passerina cyanea), eastern towhees (Pipilo erythrophthalmus), and field sparrows
(Spizella pusilla) are other songbird species of regional stewardship concern (Partners In
Flight for Southeastern Coastal Plain) that may benefit from breeding habitat created by




     
    
   
  
   
    
   
     
  
  





   
 
   
  
 
restricted to highly erodible farmland, allowing for implementation in intensive
agricultural landscapes where grassland habitat is scarce. These buffers provide habitat
where individuals may nest, forage, roost, breed, loaf, and escape from predators
(Barbour et al. 2005).  Also, the higher structural complexity on a landscape level attracts 
more birds (Rodenhouse and Best 1994, Jones et al. 2005).
Nestling provisioning rate and biomass delivered
Nestling provisioning and biomass delivery provide indices of available food and 
are important factors in reproductive success and, ultimately, habitat quality (Martin
1987; Emms and Verbeek 1991, Brickle et al. 2000).  The nestling stage is nutritionally
demanding for parents, especially if food availability is low.  Increased provisioning can 
impact adults through lesser survival, less available energy for future broods, smaller 
clutch sizes, and increased intervals between broods (Stearns 1992, Hinsley 2000).  
Decreased provisioning (e.g., due to low food abundance) may impact nestlings through 
more conspicuous begging, slower growth, and reduced fledgling success (Martin 1987, 
Cotton et al. 1996).  Even a short period of low nutritional resources may cause
compromised dominance ranks, morphology, breeding territory acquisition, and/or
survival in nestlings and their future offspring (Metcalfe and Monaghan 2001).  
As nestlings grow older and larger their food requirements increase until they
reach a certain age (Moreno 1987, Wright 1997, Wright et al. 1998). One way in which 
parents may meet this increased demand is by bringing more food per foraging trip or by 
increasing feeding visits (Wright et al. 1998). I hypothesized that nestling provisioning 
rates and/or biomass delivered would increase as nestlings get older because of increased








    
  




   
   
   
    
   




In my study area, non-buffer habitats were similar to old field habitats because of
the higher forb, shrub, and sapling to grass component compared to buffers which had 
more grasses overall.  Old field habitats have often been considered primary habitats
(compared to prairies) for dickcissels (Gross 1921, Zimmerman 1966, Zimmerman 1971, 
Temple 2002) because they may contain higher amounts of food (Finck 1984), more
forbs, and a more heterogeneous structure than prairies (Finck 1984).  I hypothesized that
provisioning rates and biomass would be greater at nests in non-buffer habitats.
Prey Size and prey selection
Adult birds feed a diet of 60 – 100% arthropods to nestlings to provide the
protein-rich diet necessary for rapid development (Weins and Rotenberry 1979).  
According to optimal foraging theory, parent birds should prefer large prey types that 
reduce searching time and provide more energy per feeding trip when feeding their young 
(Kobal et al. 1998, Wright et al. 1998, Britschgi et al. 2006), but they may switch
preferred prey items or take small prey items to maintain or increase provisioning rate (or 
total biomass delivered). This may happen because large clutch sizes, depressed prey 
availability, or decreased ability of parent birds to provision (Wright et al. 1998).  One
way parents might meet increasing food requirements of older and/or more nestlings is by 
selecting larger prey items (Moreno 1987, Wright 1997, Wright et al. 1998).  Therefore, I
hypothesized that older nestlings would receive larger sizes and/or different prey taxa.
Larger clutches also represent higher demand so I hypothesized that prey size would 
increase with nestling number.
Vegetative differences in composition and structure between non-buffer and 





   







   
  
   
  
   
  




   
 
differences in prey size and selection (Finck 1984).  Females nesting in non-buffer habitat
(potentially primary habitat) that are feeding in areas near their nests may be bringing 
back prey items different in size and taxa from those brought to nestlings in buffers
(potentially secondary habitat).  Thus, I hypothesized that food sizes and taxa brought to 
nests in non-buffer habitat would be different from and larger than nests in buffer habitat.
Foraging distances
According to central place foraging theory, birds should discover a greater
proportion of prey nearer to their nest than farther away as their search time per unit area
is larger near the nest (Andersson 1978, Orians and Pearson 1979).  Therefore, to 
maintain a standard reproductive output, birds should only forage at greater distances
from the nest when it is profitable to do so, i.e., when food near the nest becomes difficult 
to find (Andersson 1981, Brickle et al. 2000, Britschgi et al. 2006) or when high quality 
food sources are available at greater distances.  Foraging at greater distances from the
nest may reduce survival and lesser reproductive value by lessening the food supply to 
nestlings, increasing both parents’ and nestlings’ exposure to predators, and decreasing 
available energy for future breeding efforts (Harmeson 1974, Brickle et al. 2000, 
Britschgi et al. 2006). For large broods, if parents cannot maximize provisioning rate,
they may not be able to deliver necessary prey to maximize survival.  They may then 
choose to forage closer to the nest and select lesser quality prey items to maintain feeding
rates and/or they may switch to more easily handled smaller prey items (Houston 1985, 
Houston and McNamara 1985, reviewed in Bruun and Smith 2003).  Although this may 
decrease biomass delivered, this increased provisioning rate would be a strategy to inhibit






    
 
  
   
   
  
   
 
   
 
    
 
    
 
      
  
     
  
   
 
I hypothesized that foraging distances would increase as nests aged because of
increased food demand (i.e., need to find larger prey items).  Similarly, I hypothesized 
that there would be longer foraging distances for nests with more nestlings because of
increased demand.  Because non-buffer habitats (which more closely resembled old field 
habitats) may be primary habitats, I hypothesized that foraging distances from nests in 
buffer habitat would be longer than from nests in non-buffer habitat (Finck 1984).  I also 
hypothesized that prey size should be related positively to foraging distance because
increased prey size is one way that longer foraging trips would be profitable.  
Objectives and hypotheses
My overall objective was to better understand nestling provisioning of grassland
birds nesting in and around NWSG field buffers by measuring provisioning rates, 
biomass, prey taxa, and foraging distances from the nest.  To summarize my research
hypotheses:
(1) Provisioning rates and/or biomass delivered should increase as nestlings
get older. 
(2) Provisioning rates and/or biomass should be greater in non-buffer versus 
buffer habitat.  
(3) Prey sizes will increase with nestling age (and taxa of prey also will also
differ).
(4) Prey sizes will increase with nestling number (and taxa of prey will also
differ).






   






    
   
    
 
   
   
 
  
   
 
 
(6) Foraging trips should be longer as nestlings get older.
(7) Foraging distances from nests will increase with nestling number.
(8) Foraging distances from nests in non-buffer habitat will be shorter than
from nests in buffer habitat.  




Dickcissel populations have declined in the eastern United States since they were 
first monitored by the Breeding Bird Survey in 1966 (trend = –2.24; Sauer et al. 2007).
They are listed by Partners in Flight (PIF) as a species of concern in the Southeastern 
Coastal Plain region because of their breeding population (1 – 10%) relative to the entire
U.S. breeding population, threats of human actions to their breeding habitat, and because 
they are on the PIF Watch List (i.e., those species who have range-wide threats to their 
habitat and who are in great need of conservation attention; Rich et al. 2004).
Dickcissels prefer habitats with a large grass and forb component, and some 
studies suggest that they may actually prefer more vegetative heterogeneity including 
small trees and some shrubby growth for their nesting habitat (Temple 2002). Primary
dickcissel nesting habitats are fallow fields, unmowed hayfields, and old fields composed 
largely of tall vegetation, a high vegetative volume with a heterogeneous structure, and a
high number of forbs (Gross 1921, Zimmerman 1966, Zimmerman 1971, Finck 1984, 




     
     
   
    
 
 
   
   
  
    
  
 
    
 
 
   
      
 
   
  
Nest building to chick fledging in dickcissels takes 18 – 25 days, and nestlings
leave the nest when they are 8 – 10 days old (Gross 1921, Temple 2002). Dickcissels are 
polygynous and mostly granivorous.  But, like many grassland birds, they feed primarily
on arthropods during the breeding season (Gross 1921, Weins and Rotenberry 1979, 
Martin 1987).  Little information on nestling provisioning by dickcissels exists (Gross 
1921, Kobal et al. 1998).
Study area
I worked at B. Bryan Farms, Inc., a 2,104 ha privately-owned farm in Clay 
County, Mississippi, located within the historical Black Prairie physiographic region. In 
2005, 79 ha were enrolled in CP33 and planted with big bluestem (Andropogon gerardii), 
little bluestem (Schizachyrium scoparium), indiangrass (Sorghastrum nutan), partridge
pea (Chamaecrista fasciculata), black-eyed susan (Rudbeckia hirta), and maximilian
sunflower (Helianthus maximiliani).  Other vegetation present in the seed bank during the
establishment of these buffers included johnsongrass (Sorghum halepense), Brazilian
vervain (Verbena brasiliensis), and java-bean (Senna obtusifolia).
Planned disturbance regimes
Because early successional grasslands require periodic disturbance, producers are 
required to use mid-contract management regimes (i.e., disturbance), including light 
disking and prescribed burning, to maintain buffers as suitable habitat for grassland birds
(Herkert et al. 1996, Burger et al. 2006).  As part of a broader experiment, fields were 
assigned to one of three types of disturbance regimes in CP33 buffers: (1) no disturbance
(control), (2) spring burning, and (3) fall disking.  Each year, beginning in fall 2007 and 






   
 
   
    
   
  
  
     
  
   
  
   
   
  
       
    
   
      
    
 
field received the assigned treatment.  Because dickcissels largely avoided nesting in
disturbed buffers (only three nests were found in disturbed habitats), disturbance effects
are not addressed in these analyses.
Video monitoring
Technicians and I systematically searched buffers during May, June, and July 
2008 – 2009 to locate nests.  Nests were subsequently checked every three days for
nestling presence. All dickcissel nests found in buffers and within 10 meters of buffers
were considered potential candidates for video monitoring. I recorded nestling 
provisioning activity under optimal weather conditions (no rain or sustained winds ≥ 16 
km/h) on one to four mornings between the 4th and 7th day post hatching. I did not film 
before day four because I did not want parents to abandon their nests (Schadd and 
Ritchison 1998).  Because dickcissels can fledge as early as day eight, I did not film after
day seven to reduce the likelihood of causing premature fledging.  
One to two days prior to filming, I placed tripods with mounted aluminum cans
(to mimic the video recorders) near nests to familiarize birds with the recording
equipment.  On each recording day, I positioned a hand-held camcorder (Sony Handycam
DCR–SR42) at the nest between 0525 and 0710 CST.  I placed camcorders on tripods 0.5
to 1.0 meter(s) from nests at an angle which provided the best view of nest activity
(Dearborn et al. 1998).  I programmed camcorders to start recording between 0545 and
0730 CST, beginning 20 minutes after I had walked away to allow birds to return to
normal behavior. Individual recording sessions lasted four hours.  Video footage was 







   
   
   
  
       
   






    
   




I recorded nestling provisioning rates (adult visits to nest per hour divided by 
nestling number) and prey taxa, and I assumed that videos captured all provisioning 
activity during the observation period.  I determined nestling diet composition for
taxonomical groupings of arthropods to order level.  To determine biomass (energy)
delivered per nestling per hour, I assigned each prey item brought to the nest into one of
three size categories based on the length of the insect from the frons to the end of the
abdomen, not including wings, antennae, or ovipositors (Sejberg et al. 2000).  The
categories were classified as small (≤ adult bird bill length), medium (> adult bill length
and up to 2x’s bill length), and large (> 2 x’s bill length) following Schadd and Ritchison 
(1998).  Some arthropods observed on video were unidentifiable (n = 597; 25%) due to 
obstruction from the feeding adult bird or vegetation or disfiguration of prey.  I omitted 
unknown prey items from subsequent analyses. However, for some of the unknown 
arthropods’ lengths, I was able to estimate biomass by assigning to them weights based 
on total mean weights of known small, medium, and large prey items.  
I collected arthropods in 2009 during mid-morning hours from mid-June through 
early July coinciding with peak breeding of dickcissels, to estimate availability of
arthropod species in dickcissel foraging locations and to estimate the mass of each
arthropod size class used in biomass calculations (see above). I visited three separate 
locations of each habitat type where dickcissels were primarily foraging (burned buffers, 
disked buffers, control buffers, pasture fields, hay, milo, corn, soybean, riparian, road).  
While walking a straight line through the center of each discrete habitat, I took 50 sweep
net samples per site with a 38.1 cm cotton sweep net.  After capture, I placed the 




   
   
  
  









   
   
  
        
  
   
     
frozen for later processing.  In the lab, I thawed the arthropods, separated them from
vegetative debris, and allowed them to air dry.  Very few items brought to nestlings were 
< 5 mm, so I only identified arthropods > 5 mm and then placed them into one of the
three size classes (see above).  I dried all arthropods at 60°C for 24 hours (Southwood 
1978).  Arthropods from each size category were weighed to the nearest ± 0.0001 mg on 
an electronic balance.  I assigned a mean weight to apply to arthropods of same taxa 
(order) and size categories observed on video (Rogers et al. 1977).  Certain species of
ground-dwelling arthropods may have been underrepresented in sweep net samples
(Southwood 1978), but these were more likely to be small or fast moving insects not
usually taken by dickcissels.  Orthopterans and Lepidopterans are well-estimated by 
sweep net sampling (Doxon et al. in press). For these reasons, sweep netting has been
commonly used for bird dietary studies in croplands and grasslands (Callahan et al. 1966, 
Evans et al. 1983, Browde et al. 1992, Robel et al. 1995).
Foraging observations
I observed foraging trips of dickcissels during two-hour monitoring periods
concurrent with video-taping sessions.  Using binoculars and an 2.44 cm ladder when
necessary, I stood ≥ 30 m from the nest to watch foraging activity.  For each foraging 
event, I used georeferenced maps to record the straight-line distance travelled from the 
nest to the habitat where food was collected.  I grouped foraging distances into bands of
10 – 25 m, 26 – 50 m, 51 – 75 m, 76 – 100 m, 100 – 200 m, and 200+ m.  
I recorded cloud cover in the following categories: 0% (clear), 25% (1 – 25%
cloudy), 50% (26 – 50% cloudy), 75% (50 – 75% or mostly cloudy), and 100% (complete




   
   
 
 


















(http://www.spc.noaa.gov/faq/tornado/beaufort.html): 0 – 1.6 km/h (calm), 1.6 – 8.0 
km/h (light breeze, grass and leaves slightly moving), 8.0 – 14.5 km/h (grass, leaves, and 
small twigs constantly moving), and 16.1+km/h (small tree branches moving, ground 
debris blowing around).  
Statistical analysis
I calculated provisioning rate as number of visits per hour divided by number of
nestlings (Sejberg et al. 2000, Britschgi et al. 2006).  Total biomass (g) was the sum of
biomass (see nestling provisioning section above) brought to the nest by adult birds per
hour divided by number of nestlings (Sejberg et al. 2000).  Composition of nestling was
described from video observations by grouping prey taxa and summing these together to
get proportions of arthropod groups fed to nestlings.  Foraging distance was the distance
from the nest (m) to the location where parent birds collected food for their nestlings.  
To test hypotheses about continuous response variables (provisioning rate,
biomass, and foraging distances), I used general linear mixed models because this 
allowed me to account for multiple nests located in the same field (random effect) and
repeated observation periods on individual nests (Littell et al. 2006).  Predictor variables 
included nest locations (buffer vs. non-buffer habitat), nestling number (foraging distance
only), and nest age.  Before testing for effects of predictor variables, I included weather
variables to test for effects of day-to-day variation in weather conditions on provisioning 
behavior (Beintema and Visser 1989).  I dropped any weather variables that were not
significant at α = 0.10. I calculated provisioning rates and foraging distance in both 2008 





   
 
   




   
  





   
  






Human presence at breeding sites of birds can reduce foraging rates of adult birds
(e.g., Burger and Gochfield 1991, Burger and Gochfield 1998, Fernández-Juricic and
Tellería 2000) and reduce nesting success of birds (e.g., Henson and Grant 1991, Miller
et al. 1998). Although little is known about how human presence influences nestling 
provisioning rates, I included observer presence (observers making foraging 
observations) as a covariate in nestling provisioning and biomass analyses to account for
this possibility.  
To test for differences in categorical response variables (prey size and prey taxa)
related to categorical predictor variables (buffer habitat vs. non-buffer habitat, observer
presence, nest age, and nestling number), I used chi-square tests.  I used α = 0.10 for all
tests.
Results
I filmed 18 nests in 2008 and 25 nests in 2009 from one to four mornings per nest
for a total of 282 one-hour observation periods (125 in 2008 and 157 in 2009).  I
observed 2384 individual provisioning events and recorded 2417 prey items delivered to 
nestlings.  Total filming hours for provisioning rates were 264.02 hours (124.35 hours in 
2008; 139.67 hours in 2009).  Observation hours for foraging distances (e.g., observer 
present) totaled 118.30 hours (56.93 hours in 2008; 61.37 hours in 2009).
Nestling provisioning rate and biomass delivered
Provisioning rate
Cloud cover, wind speed, and temperature were not related to provisioning rates
and were not included in subsequent analyses.  Provisioning rate did not differ between 




    
  
     





     
   
   
    
       





    
    
  
   
Provisioning rate did not increase from ages 4- to 7-day old nestlings (F3, 45.9 = 0.87; P =
0.463; Table 1, Figure 1). Also, provisioning rates did not differ between buffer and non-
buffer habitats (F1, 60.6 = 0.01; P = 0.918; Table 1, Figure 1).  Provisioning rates were less
when observers were present ( ̄ = 2.60 ± 0.194 with observer; ¯ = 2.95 ± 0.185 with no 
observer; F1, 232 = 8.22; P = 0.005; Table 1, Figure 1).
x
Biomass
Cloud cover, wind speed, and temperature were not related to biomass and were 
not included in subsequent analyses.  In 2009, biomass provided (grams per nestling per
x
¯
compared to day four, but this difference was not statistically significant (F3, 154 = 1.93; P 
= 0.154; Table 1, Figure 2).  Biomass delivered did not differ between nests in buffer
versus non-buffer habitats, (F1, 15.4 = 0.54; P = 0.474; Figure 2). Biomass provided to 
xhour) was = 0.124 ± 0.005 g.  Nestlings received almost 60% more biomass by day 7 
nestlings was less when an observer was present ( x̄
= 0.138 ± 0.009; F1, 131 = 3.45; P = 0.066; Table 1, 
= 0.120 ± 0.010) compared to 
xperiods with no observer present (¯
Figure 2).
Prey size and prey taxa
Orthopterans comprised nearly all of nestling dickcissels’ diet in 2008 (n = 853;
91%) and 2009 (n = 938; 86% of items; 72.64% of biomass; Figure 3).  Less common
prey (both years combined) included Lepidopterans (n = 134, x̄
= 3.7%). Greater than 2 times as many spiders (Araneae) were 
= 6.6%) and spiders
(Araneae; n = 77, x̄
brought to nestlings in 2009 (5.15% of total percentage) than in 2008 (2.25%) and more
Lepidopterans were fed in 2009 (7.45%) than in 2008 (5.69%).  Although statistically 












    
  
    
 
   
     
      
 





The mean of other arthropods delivered for both years combined represented  < 1% of
insects observed on videos.  
Compared to available arthropods, dickcissels brought specific prey taxa
(Orthopterans, Lepidopterans, Arachnids) which were not the most available prey taxa in 
sweep nets of the surrounding habitats (χ27 = 777.21, P < 0.001; Figure 3).  Hemipterans 
were more plentiful in sweep nets than Orthopterans, and Coleopterans were more
abundant than Lepidopterans. Yet, based on frequency of selection for Hemipterans and 
Coleopterans, dickcissels did not prefer either of these prey taxa for provisioning 
nestlings. Also, I collected near the same proportion of arachnids and Orthopterans; yet
dickcissels showed a much greater preference for Orthopteran prey over arachnid prey.
Because 99 % of prey items were in Orthoptera, Lepidoptera, and Araneae, I restrict
subsequent analyses of prey taxa to those three groups.
Effects of nest age
Nestlings received more small prey when they were 4 – 5 days old and less small
prey when they were 6 – 7 days old (χ26 = 56.42, P < 0.001; Figure 4).  Prey taxa
delivered did not differ significantly as nestlings got older in 2008 (χ24 = 7.44, P = 0.114)
or 2009 (χ26 = 10.03, P = 0.123).  In 2008, four-, five-, and six-day old nestlings received 
9.2%, 3.9% and 5.3% Lepidopteran prey, respectively.  Five- and 6-day old nestlings
received 93.5% and 92.9% Orthopteran prey, respectively compared to 88.2% for 4-day
old nestlings.  Four-, five-, and six-day old nestlings received 2.7%, 2.6% and 1.8%
spiders respectively.  In 2009, four-, five-, six-, and seven-day old nestlings received 







     
    
     
 
  
       
  
 




     
   
   
 
 
    
  
delivered to nestlings at percentages of 90.1, 87.7, 84.2, and 88.2, respectively, and 
spiders were delivered at percentages of 5.5, 3.7 and 6.1, and 4.3, respectively.
Effects of nestling number
Nests with more nestlings received more large- and medium-sized prey items than
did nests with fewer nestlings (χ26 = 26.89, P = 0.0002).  Prey taxa were not affected by
nestling number in 2008 (χ28 = 10.77, P = 0.215) or 2009 (χ26 = 6.99, P = 0.322).
Effects of habitat
Size of prey brought to nests did not differ between buffer and non-buffer habitats
(χ22 = 1.10, P = 0.578). Presence of nests in buffer or non-buffer habitat did not affect
prey taxa delivered to nestlings in 2008 (χ22 = 0.944, P = 0.624), but did in 2009 (χ22 = 
10.49, P = 0.005).  In 2009, birds with nests in buffers brought proportionately more
Orthopterans (90.0% vs 83.2%) and fewer Lepidopterans (5.8% vs. 10.3%).
Effects of observer presence
Despite the lesser biomass delivered to nestlings in the presence of an observer,
prey size was not affected by observer presence (χ22 = 2.64, P = 0.266).  Observer
presence did affect prey taxa brought to the nest in 2008 (χ22 = 6.10, P = 0.047), but not
in 2009 (χ22 = 1.00, P = 0.607). In 2008, birds delivered more Lepidopterans (7.5% vs. 
4.5%) and fewer Orthopterans (89.4% vs. 93.9%) when an observer was present.  
Foraging distances
Foraging distances did not differ between years (F1, 50.1 = 0.33; P = 0.569).  
Foraging distance decreased with increased cloud cover (F4, 74.5 = 3.35; P = 0.014) and 




    
    
     
   
    




   
   
  
   
   
  
    
  




     
as the nest aged, but were not statistically significant (F3, 60.0 = 2.12; P = 0.107).  Foraging 
distance did not differ between nests in buffers and nests peripheral to buffers (F1, 31.1 = 
2.00; P = 0.168). Foraging distance was not related to nestling number (F4, 26.7 = 0.30; P =
0.874).  Foraging distances differed based on size of prey items (χ210 = 17.65, P = 0.061), 
but dickcissels selected primarily medium prey across all distances, without selecting
more larger prey at longer distances (Figure 6).
Discussion
Provisioning of nestlings
Contrary to expectations, neither provisioning rate nor biomass delivered per
nestling significantly increased with age.  Parents did choose larger items at older ages
which were proportionately more likely to be Orthopterans.  This suggests that energetic
costs of changes in prey selection were less than the costs of increasing number of trips
(i.e., the parents may have been at or near the maximum possible rate at which food could 
be brought).  This phenomenon is not unusual as larger, older chicks need more food up 
to a certain age (Moreno 1987, Wright 1997, Wright et al. 1998).  However, birds may 
have made some other, more subtle changes to meet increased demand. Biomass 
delivered and foraging distance increased with increasing nest age, but these differences 
were not statistically significant (P = 0.107 – 0.154).  Likely, these were small, but
biologically significant responses that would have been statistically significant with a
larger sample.  Coupled with significant differences in prey selection, a likely explanation 
is that parents attempted to meet increased demand by searching farther for larger prey
items.  Because I did not observe feeding behaviors past the nest age of 7 days, it is 




   
   
  
  
   
  
      
 
      






   
    
   
 
   
   
Dickcissel prey selection favored a greater proportion of Orthopterans.  
Nutritional explanations for feeding more Orthopterans to nestlings could be the slightly 
greater protein (compared with Lepidopterans and Arachnids) found in Orthopterans
(Robel et al. 1995).  Compared to Orthopterans, Lepidopterans are very high in calcium
and Arachnids are very high in phosphorus (Robel et al. 1995).  Both have a high fat
content, but Arachnids have the greatest energy (cal/g dry mass) content of the three
groups (Robel et al. 1995.  Hemipterans were more abundant than Orthopterans at my 
study site, and they have greater energy content and fat than Orthopterans (Robel et al.
1995).  Dickcissels may have avoided Hemipterans because they were small and fast-
moving compared to other prey taxa and thus may require more searching and handling 
time. Also, avoidance of Hemipterans may be attributed to palatability (O’Leske et al.
1997), but this idea has not yet been thoroughly researched in grassland birds.
Nests with more nestlings received proportionately larger prey.  In my study, 
greater amounts of large and medium prey items may have been brought to nests with 
more nestlings to reduce the number of provisioning trips made by parent birds, a
strategy which can increase brood survival (Dijkstra et al.1990).  Possibly, it may have
been more costly for parents to make more frequent foraging trips than to spend extra
time searching for larger food items for nestlings.  In addition to reduced energetic costs, 
parent birds may have been attempting to lessen activity around their nests to reduce
attention from predators to the nesting area.
To optimize foraging efforts, parent birds should maximize net energetic gain for
every foraging trip and nest visit by increasing provisioning, load size (biomass), 
foraging distance, possibly prey taxa and sizes, and by adjusting time spent at each









   
  
 
    
  
     
  
   
 
    
    
    
 
without trade-offs in nestling health (e.g., Saino et al. 1997), nestling survival (e.g., 
Bryant and Westerterp 1983; see Martin 1987 for review), parent survival (e.g., Askenmo 
1979, Reid 1987, Dijkstra et al. 1990), and/or future adult reproduction (e.g., Hegner and 
Wingfield 1987, Tinbergen 1987, Dijkstra et al. 1990).
Habitat effects
Provisioning rate, biomass, and prey size did not differ between habitat types, 
although birds nesting in buffer habitats brought slightly more Orthopterans (2009) than 
those nesting in adjacent habitats.  If adjacent (non-buffer) habitats were indeed primary 
habitat compared to the native grass field buffers, then I should have observed differences
in provisioning, but I did not.  Thus, in terms of nestling provisioning, any difference in 
habitat quality was not large, and native grass buffers may be considered primary habitat
in my study area.  
CRP habitats may not be equivalent to original prairies in the types or amount of
prey available, but they do provide prey that birds frequently utilize (McIntyre and 
Thompson 2003). Dickcissels overwhelmingly selected Orthopterans, which I collected
at greater relative abundances in buffers (34.32%) and pasture fields (33.96%) than in 
agricultural areas (12.96%).  This indicates that field buffers may be providing habitat for 
Orthopterans.  However, from this I cannot assume that dickcissels were retrieving more 
Orthopterans from field buffers and/or pasture areas than from agricultural fields or other 
habitats.  Indeed, late in the summer especially, it may be more difficult for birds to 
locate prey in dense grass buffers (Douglas et al. 2009).  This may cause an increase of
foraging activity in locations such as row crops, hayfields, or roads where accessibility






   
 
     

















not have high prey abundance (Vickery et al. 2001, Devereux et al. 2004, Whittingham
and Evans 2004).
Although Orthopterans were not the most abundant arthropod taxa at B. Bryan 
Farms, they provided proportionally more biomass per prey item than did other taxa.  
Dickcissel prey choices at B. Bryan Farms were similar to other studies of dickcissels’
and other grassland birds’ diets, although selections of Lepidopteran and Coleopteran
prey seem comparatively low in my study (Weins and Rotenberry 1979, Kaspari and 
Joern 1993, Kobal et al. 1998).  Similarly, however, lark bunting (Calamospiza 
melanocorys) nestlings were fed 48.3% grasshoppers which comprised only 10.0% of 
available insects (Baldwin 1972).
Foraging distances
Although dickcissels may have made subtly longer foraging trips in response to 
nest age, foraging distances were not affected by nestling number.  Neither was foraging
distance related to prey size as I hypothesized.  Thus, dickcissel parents did not adjust to 
increased food demand by foraging at longer or shorter distances.  In addition, foraging 
differences did not differ between buffer and non-buffer sites, indicating that birds had
relatively equivalent foraging resources and opportunities around the nest, and that
buffers were not secondary habitat compared to adjacent habitats.  
Foraging trips were shorter when cloud cover or wind speeds were higher.  This
behavior may be an adjustment to increased stress levels and greater energy expenditure
when it was windier (Wingfield et al. 1983).  Also, high winds and high cloud cover (i.e., 
> 75%) often occurred simultaneously and suggested rain at my site.  Thus, female birds










   
  
   
 
 
   





    
 
 
from the nest (sensu Johnson and Best 1982, Wittenberger 1982, Rosa and Murphy 
1994).  Staying near or at the nest provides necessary and immediate physical protection 
to nestlings from inclement weather, such as preventing convective cooling of nestlings
from the dissipative effects of high wind (Johnson and Best 1982).
Central place foraging theory predicts that for each foraging trip, parents will 
optimize their net energetic gain by selecting places to forage based on their profitability 
and their distance from the nest (Orians and Pearson 1979, Kacelnik 1984).  Long 
transportation distances result in heavy energy costs upon birds (Andersson 1981).  
Dickcissels at B. Bryan Farms foraged mostly 100 – 200 meters from their nests and 
selected mostly medium-size prey across all distances.  Although this may seem a far
distance to travel, other studies of avian foraging in mixed agricultural landscapes have 
shown that birds travel farther in intensively managed areas than in more traditionally
managed areas (mixed cereal fields with herbaceous margins) or areas with more pasture
available (Tella et al. 1998, Bruun and Smith 2003).  In corn buntings (Miliaria
calandra), travel distance is correlated positively with food supplies (Brickle et al. 2000).  
In European starlings (Sturnus vulgaris), the prey load and quality brought to their young 
generally compensated for the longer travel distances (Tinbergen 1981, Kacelnik and 
Cuthill 1990).  Also, starlings fed closer to nesting areas only when high quality food in 
preferred habitats at long distances was depleted (Bruun and Smith 2003).  No negative
repercussions of foraging distance to reproductive success of broods have been 
documented (e.g., Frey-Roos et al. 1995, Eybert et al. 1995, Brickle et al. 2000, Bruun 
and Smith 2003).  However, future reproductive success of parent birds may be affected
with increased expenditure of energy used to travel far distances for food (e.g., Daan et





   
  
    
 
  
   
 
   
 
 










Effects of observers on provisioning
Dickcissels made fewer feeding visits, brought proportionately fewer
Orthopterans (2008), and chicks received less biomass when observers were present.
Human presence at breeding sites of birds is known to reduce foraging rates of adult birds
(e.g., Burger and Gochfield 1991, Burger and Gochfield 1998, Fernández-Juricic and
Tellería 2000), influence the singing frequency of territorial males (Gutzwiller et al.
1997), reduce nesting success of birds (e.g., Henson and Grant 1991, Miller et al. 1998), 
and decrease survival rates of nestlings and fledglings (e.g., Safina and Burger 1983).  
But, to my knowledge no one has documented decreased provisioning as a direct result of
human presence in the area.
My results are particularly alarming because human presence was relatively low
(1 or 2 observers), and was not near the nest (≈ 30 m away).  Also, observers were careful
to minimize disturbance (i.e., no loud noises or sudden behaviors), and human presence
was not novel because technicians conducting nest searching and monitoring were
present prior to filming.  In agricultural landscapes, our observer presence would be
qualitatively similar to or less intrusive than many farming activities (e.g., herbicide
application, mowing, harvesting, checking fields) that would put humans and/or
machinery in or near buffer habitats.  More broadly, our levels of human presence are
qualitatively similar to many recreational activities (e.g., wildlife-watching, hiking, 
backpacking, etc.) that occur in more natural habitats.  Human disturbance has become
more relevant in recent years as parks and refuges, wilderness areas, and preserves allow
access to increasing recreationists and ecotourists (Boyle and Samson 1985, Pomerantz et




















     
 
 
Birds modify choices in foraging behavior and limit activity around the nest if
threatened by predators, and humans may be perceived as predators by birds (Dunn et al. 
2010).  Birds may thus choose to forage in habitats that are suboptimal (e.g., Fernández-
Juricic and Telleria 2000) or reduce provisioning rate.  Reduced nestling growth rate can 
be a direct result of chronic predator presence (Clinchy et al. 2004, Dunn et al. 2010), 
which then indirectly may increase time to fledging and prolong exposure of nestlings to 
predation (Bize et al. 2003).  Additionally, birds may have chronic stress when food 
availability and predation risk act together (Clinchy et al. 2004, Eggers et al. 2008, Dunn 
et al. 2010), and this stress can impact reproductive capacities (Zanette et al. 2003).  For
example, reproductive success in song sparrows (Melospiza melodia) has been shown to 
double when added food and lower perceived predation risk acted synergistically 
(Clinchy et al. 2004).  Further, nestlings who suffer poor body condition and slow growth 
rate may as adults have lower social rankings and continue to experience reduced body 
size and lifespan (Metcalfe and Monaghan 2001).  
Because human intrusion can be frequent during critical breeding periods, it is
important to understand the effects of intrusion on nesting and parenting behavior.  
Modifications of human activities such as increasing observation distance or wearing
colors that resemble the natural landscape may decrease behavioral changes in birds 
(Gutzwiller and Marcum 1993). If reduced provisioning is a common response to low
levels of human intrusion, then seemingly benign human activities may have more





   
   
  
   
  
    
 
   
    










Native grass field buffers in my study provided nestling food resources similar to 
or better in quality (e.g., biomass and prey taxa) compared to surrounding habitats.  In all
nesting areas I sampled at B. Bryan Farms, dickcissels retrieved a high amount of food 
for their nestlings.  This suggests that a mixed crop and pasture landscape with some
areas enrolled in CRP and/or other Farm Bill practices provides good feeding habitat for
some breeding grassland birds.  Indeed, accessible and nutritional arthropod prey for
grassland birds is a key factor for conservation of grassland species that use conservation 
set-aside lands (Whittingham and Evans 2004).  Also, native grass field borders (like
CP33 buffers) may provide habitat for more farmland birds compared to clean-farming 
practices (Green et al. 1994, Chamberlain and Wilson 2000, Deschenes et al. 2003).  
Producers who incorporate CRP practices such as CP33 onto their farms will facilitate
more diverse vegetation that provides arthropods for energy-demanding bird breeding 
periods.  Agri-environmental schemes that support arthropod populations and decrease
perceived and actual predation risk may improve foraging rates, and hence survival
(Whittingham and Evans 2004).  
Future research should focus on documenting minimal levels of human 
disturbance that cause behavioral changes in feeding rates of birds.  This may have strong 
implications for studies conducted on avian energetics and nestling growth in breeding 
birds.  Also, more research on dickcissel nestling provisioning should be conducted in 
intensively managed agricultural landscapes and native prairies to provide data on 
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Table 1 Results of general linear models for dickcissel foraging evaluated at B.
Bryan Farms in West Point, MS, during May through August 2008 – 2009.
Variable F df P
Provisioning rate (visits/chick/hr)
Nest age 0.87 3, 45.9 0.446
Buffer 0.01 1, 60.6 0.918
Observer present 8.22 1, 232 0.005
Year 2.61 1, 37.9 0.114
Biomass (grams/chick/hr) – 2009 only
Nest age 1.93 3, 21.9 0.154
Buffer 0.54 1, 15.4 0.474
Observer present 3.45 1, 131 0.066
Foraging distance from nest (m/nest/hr)
Cloud cover 3.35 4, 74.5 0.014
Wind speed 2.60 1, 80.3 0.058
Nest age 2.12 3, 60.0 0.107
Buffer 2.00 1, 31.1 0.168
Nestling number 0.30 4, 26.7 0.874
Observer presenta --- --- ---
Year 0.33 1, 60.1 0.569
a Measuring foraging distance required an observer present; thus I did not test for





   
  
 
Figure 1 Mean provisioning (±1SE) rate at dickcissel nests of various ages, buffer
locations, and with/without observers present during May to August 2008 –









Figure 2 Mean biomass (±1SE) of dickcissel nests of various ages, buffer locations,






     
 
   
   
Figure 3 Proportion of total number of arthropods and total biomass (g) observed on
videos (dark bar) and collected in sweep nets (open bar) from different 
habitats available to nesting dickcissels at B. Bryan Farms (north-central)





     
   
Figure 4 Size of prey items brought to dickcissel nestlings May – August 2008 and





    
  
 
Figure 5 Mean foraging distances (±1SE) of dickcissel parents from nests of various
ages, buffer locations, and with various nestling numbers; and also with 






     
   
 
Figure 6 Size of prey items brought to dickcissel nestlings as a function of distance







   
  
    
 
   
  
    




   
     
     
   
       
 
CHAPTER II
DICKCISSEL MALES HELP FEED NESTLINGS IN MISSISSIPPI FIELD BUFFERS
Introduction
Conventional wisdom is that male dickcissels (Spiza americana) have been
reported to primarily defend their territory while the the female alone broods and feeds 
the young (Gross 1921, Crabb 1923, Zimmerman 1966, Fretwell 1967, Harmeson 1974, 
Temple 2002). However, male feeding is not an unknown phenomenon in dickcissels.
Recorded observations of male dickcissels feeding nestlings are few and generally single 
incidences (Igl and Best 2001).  However, Maddox and Bollinger (2000) observed 37%
of male dickcissels provisioning nestlings in Conservation Reserve Program (CRP) fields
in east-central Illinois. Herein, I provide an additional report of male provisioning and 
brooding over two breeding seasons in CRP field buffers in Mississippi.
Study area
I monitored dickcissel nests in an agricultural landscape which had several fields 
enrolled in the Conservation Reserve Program buffer practice—CP33 Habitat Buffers for
Upland Birds.  These buffers surrounded crop fields and were a mix of native warm 
season grasses (big bluestem [Andropogon gerardii], little bluestem [Schizachyrium
scoparium], indiangrass [Sorghastrum nutan]) and forbs (partridge pea [Chamaecrista
fasciculata], black-eyed susan [Rudbeckia hirta], and maximilian sunflower [Helianthus
maximiliani]) planted in 10 – 40 m wide strips around field margins in 2005).  As part of 









     
  
     
  
     
  
     
 
 







    
or control (no disturbance) treatment, but because dickcissels avoided nesting in recently 
disturbed buffers (H. Adams, unpublished data), I will not consider disturbance in this
paper.
Methods
Technicians systematically located dickcissel nests in CP33 field buffers and
checked them every three days from May to August 2008 – 2009. I video recorded 
provisioning activities for 4- to 7-day old nestlings during one to four video sessions of
1.5 – 4 hours per session.  I later reviewed videos to quantify food types and provisioning 
rates (see Chapter I for more details).  While viewing these tapes, I identified several
instances of males feeding nestlings.  Thus, I recorded occurrences of male helping and
the details of each particular nest, including date, total number of days observed with
male helping, nestling age, and nestling number. I used a general linear mixed model
(Littell et al. 2006) to test effects of male helping on provisioning rate (#
visits/nestling/hr), arthropod biomass (g/nestling/hr), and foraging distance (m) from the
nest (see Chapter I for details on how these variables were calculated). This model
allowed me to account for multiple nests located in the same field and repeated
observations of individual nests.  I used generalized linear mixed models (Proc Glimmix)
to test for the effects of nest age and nestling number on probability of male helping.  I
used chi square tests to test for differences in prey taxa and prey sizes brought to 
nestlings by male and female dickcissels.  I used α = 0.10 for all tests.
Results
I filmed 18 nests in 2008, and four of those nests (22%) had male helpers.  At








       
         
     
  
    
   
     
    
   
    
 
    
       




    
and 309 by females (87%).  In 2009, I filmed 25 nests, and five of those nests (20%) had 
male helpers.  Total nest visits was 361: 83 of these were male feedings (23%) and 278 
were female feedings (77%).  Additionally, I observed a single case of male brooding for
92 seconds in 2008.  
Probability of male helping was not related to nestling age (F3, 206 = 0.08, P =
0.972) or nestling number (F4, 282 = 1.04, P = 0.388).  For both years combined, the
provisioning rate was greater when males helped feed nestlings (F1, 98 = 15.81, P < 0.001, 
x̄ = 2.69 ± 0.178 female feeding only; 3.69 ± 0.281 male helping; Figure 7).  However, 
biomass delivered to nestlings per period did not increase with male helping (F1, 82.4 = 
0.00; P = 0.992; Figure 7).  This occurred because females brought larger prey items than
males (χ22 = 17.665, P < 0.001). Average biomass per arthropod provided to nestlings by 
males was 0.039 g (± 0.002) and for females it was 0.045 (± 0.001). Male and female 
dickcissels did not select different prey taxa (χ22 = 4.34, P = 0.114).  Foraging distance
did not differ between male and female dickcissels (F1, 68.6 = 1.05; P = 0.310; Figure 7).
Discussion
I observed greater provisioning rates (more nest visits) when males helped feed
nestlings, but nestlings did not receive more biomass when males fed because they
brought smaller prey items than did females. Thus, for these dickcissels, the major
benefit to male helping appears to be decreased effort by the female rather than increased
provisioning (and hence greater survivorship) to the young.  In Illinois, Maddox and 
Bollinger (2000) reported over 2 times as many nest visits when males helped compared 



















    
  
     
 
    
     
 
explain male helping have been postulated by others (Maddox and Bollinger 2000, Igl
and Best 2001), and I address each for my study below.
Maddox and Bollinger (2000) proposed that dickcissel male helping behavior was
likely the result of low food abundance.  Their support for that hypothesis was based on 
(1) a high occurrence of nestling starvation when males were observed feeding (1997), 
and (2) no nestling starvation in those same fields in 1998 when no males were observed 
feeding.  In our study, rainfall during the breeding season increased almost two-fold in 
2009 compared to 2008 (May-August 2008 rainfall = 222.0 mm; May – August 2009 
rainfall 419.9 mm; Mississippi State Department of GeoSciences).  Because vegetation
density and subsequently invertebrate abundance are typically greater in wetter years,
food was likely more abundant in 2009, and yet males helped in both years.  Also, I lost 
no nestlings to starvation.  Low food abundance cannot explain male helping in my study 
area.
A second hypothesis is that there were few females for these males that assisted in
feeding (Sejberg et al. 2000).  Typically in polygynous systems, males who are
monogamous or have fewer females have more time available to help females feed
young, whereas males who have multiple females may have to spend most of their time 
defending their territory (Sejberg et al. 2000). Unfortunately, I did not mark birds, so 
there is no way to determine the number of females per male.  
A third hypothesis is that males help feed late-season nests that may be second or
third attempts (Verner and Willson 1966, Finck 1984, Beletsky et a. 1989).  Red-winged 
blackbirds (Agelius phoenicus) – another polygynous species – have shown similar
patterns of male helping late in the breeding season (Beletsky et al. 1989). In my study 





   
    
   
   
  
   
  
 
    
   
  
 
    
        
  
 




(H. Adams, unpublished data).  Increased nesting risk may provide further incentive for
the males to assist the females late in the season.  However, this hypothesis is not likely 
for my study area because I observed male helping in the early (2009) and middle (2008 
and 2009) parts of the nesting season (Figure 8).
Another explanation for male feeding (a fourth hypothesis) is that it could be
more advantageous for the male to aid the female in the later stages of nesting (regardless 
of point in the breeding season) because the reproductive value of the nest increases when
the young are closer to fledging (Verner and Willson 1966).  I observed male helping on 
days 4 through 7 (Table 2), so it is not likely that late nesting stage drove male helping in 
my study.  However, because I only filmed during days 4 – 7, I cannot say whether male
helping increased > 7 days of the nestling period or was absent prior to day 4.  
A fifth hypothesis is that male helping may be unique to certain dickcissel
individuals or local populations (Maddox and Bollinger 2000, Igl and Best 2001). This 
phenomenon has been observed in geographically disjunct populations of red-winged 
blackbirds (Beletsky and Orians 1990), and my population of dickcissels in Mississippi is
somewhat geographically peripheral to the larger breeding population of dickcissels in 
the midwestern United States. However, of the 21 locations where this behavior has been
observed (including this study), 14 are in the core breeding range of the dickcissel (Igl
and Best 2001).  So, it is unlikely that male helping is a unique phenomenon in 
geographically isolated populations.
Lastly, male provisioning could be favored in some habitats that are of lower
quality (Igl and Best 2000).  Old field habitats have often been considered primary 
habitats (compared to prairies) for dickcissel (Gross 1921, Zimmerman 1966, 





   
 












occurrences were in old field habitat (summarized in Igl and Best 2001).  Although my 
observations were not in old field habitats, they were located in or ≤ 10 m from native
warm-season grass and forb field buffers in an agriculture-dominated landscape, and the
native grass buffers contained many old field species in addition to planted grasses.
In summary, male helping in dickcissels did not seem to occur during times of
food shortage, late in the nesting season, or when nests were near fledging.  Although 
Mississippi is at the periphery of the dickcissels range, the literature suggests male 
helping may be common in the core of the range.  I was not able to address the
relationship between male helping and female abundance.  Although conventional
wisdom suggests that dickcissel males rarely help (Temple 2002), my data (and that of
others) suggests it may be happening more often, especially in habitats like old fields and 
many Conservation Reserve Program lands. Continuous video documentation of nest
activity allows well-concealed activities (like male nesting) to be directly observed and
better quantified.  More intensive video documentation of dickcissel nesting behavior
should be conducted with other populations to determine both the true frequency of male
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Table 2 Dickcissel nest visits by males and females during summer 2008 and 2009 
at B. Bryan Farms, MS. 
Nest ID Nest age (days) # of nestlings # of nest visits % by male
Female  Male
2008
A 4 5 30 0 0.00
5 5 38 0 0.00
6 5 33 15 0.45
B 4 5 30 0 0.00
5 5 44 0 0.00
6 5 51 0 0.00
7 5 48 17 0.35
C 4 4 46 7 0.15
D 4 4 31 6 0.19
2009
E 4 4 38 0 0.00
6 4 88 14 0.14
F 4 4 36 29 0.45
G 4 4 9 2 0.18
5 4 40 13 0.24
H 7 3 19 8 0.30
I 4 2 28 12 0.30
5 2 26 3 0.10
6 2 32 2 0.06







Provisioning rate, biomass, and foraging distance as affected by male helping at the nest







Figure 7 Active dickcissel nests during summer 2008 and 2009 at B. Bryan Farms, 
MS.
51
